We describe the cloning, expression pattern and functional overexpression analysis of Xotx5b, a new member of the Otx gene family in Xenopus laevis. Early expression of Xotx5b resembles that of Xotx2, being detected in the organizer region at early gastrula stage, and, shortly after, also in anterior neuroectoderm. During neurula stages Xotx5b exhibits a changing and dynamic pattern of expression. After neural tube closure, Xotx5b is expressed in the eye and pineal gland, both involved in photoreception. Overexpression of Xotx5b has a similar effect to that of Xotx2, producing posterior truncations and inducing ectopic cement gland and neural tissue in whole embryos. In animal cap assays, Xotx5b and Xotx2 are both able to activate XAG, to strongly suppress the expression of the epidermal marker XK81, and to reciprocally activate each other. Finally, in einsteck transplantation assays, Xotx5b is able to respecify a tail/trunk organizer to a head organizer. q
Introduction
During early vertebrate development, a key role in the regionalization of the developing central nervous system is played by a series of patterning genes. These genes initially identify precise domains within the neuraxis, which are later fated to become speci®c morphological and functional districts (for reviews see Lumsden and Krumlauf, 1996; Rubenstein and Beachy, 1998; . Among these early patterning activities, homeobox genes of the Otx family play an important role in rostral brain development within different vertebrate models (see reviews by Simeone, 1998; Acampora and Simeone, 1999; Acampora et al., 1999b) . Otx1 and Otx2 genes were ®rst identi®ed in the mouse (Simeone et al., 1992) , as closely related to the Drosophila orthodenticle (otd) gene, which is essential for correct head development in the¯y (Finkelstein et al., 1990) . Otx gene function is also essential for proper head and brain development in vertebrates. Otx1 knockout mice exhibit spontaneous epileptic seizures and are affected in several aspects of brain development; in particular, there is an overall reduction in brain size, the dorsal telencephalic cortex is reduced in thickness and cell number and is affected in cortical cell layers organization; moreover, defects are also observed in mesencephalic and cerebellar structures; ®nally, the lateral semicircular canal is missing and there are defects in the lacrimal/Harderian gland complex (Acampora et al., 1996 (Acampora et al., , 1998a . Even more severe is the Otx22/2 phenotype, since mutant mice completely lack the brain region anterior to the hindbrain and also show serious gastrulation defects (Acampora et al., 1995; Matsuo et al., 1995; Ang et al., 1996) ; these latter effects are related to Otx2 early expression in the anterior visceral endoderm, differently from Otx1, which is never detectable in this region (Acampora et al., 1995) . Signi®cantly, Otx1 knockout mice can be almost completely rescued by orthodenticle gene function (Acampora et al., 1998a) and by human OTX2 (Acampora et al., 1999a) , while induced expression of Otx1 protein in visceral endoderm is able to recover Otx2 requirements for speci®cation of the anterior neural plate and for proper organization of the primitive streak (Acampora et al., 1998b; Suda et al., 1999) ; conversely, Drosophila otd phenotype is rescued by human OTX genes Nagao et al., 1998) . All these data demonstrate the strong functional similarity of these regulatory proteins and suggest that differences in gene function between diverse Otx genes may be the result of changes in their spatiotemporal transcriptional regulation (Acampora et al., 1999a) .
In the frog, Xenopus laevis, Xotx2 is ®rst expressed in the presumptive prechordal mesendoderm of the organizer region, to become successively activated also in the anterior neural plate and then in fore-and midbrain districts (Blitz and Cho, 1995; Pannese et al., 1995; Kablar et al., 1996) ; Xotx1 expression also shows a similar, though more limited, domain of expression within the CNS, while is not detected in the mesendoderm (Kablar et al., 1996) ; a third gene, Xotx4, may be a derived copy of Xotx1, though their expression patterns are not exactly superimposable (Kablar et al., 1996) . Overexpression of Xotx2 leads to abnormal embryos with posterior defects and ectopic cement glands and neural tissue (Blitz and Cho, 1995; Pannese et al. 1995) ; these effects may be due to respeci®cation of posterior organizer tissue to a head organizer and to Xotx2 ability to promote cement gland activation in naive ectoderm Gammill and Sive, 1997) .
In this paper we report the isolation and expression pattern of another Xenopus Otx member, which we named Xotx5b, as well as results of functional overexpression experiments. Our studies show that Xotx5b has an initially similar and successively distinct expression pattern from Xotx2, and that Xotx5b mRNA microinjection produces developmental alterations very similar to those induced by Xotx2 overexpression.
Results

Xotx5b is a new member of the Otx family of genes
As described in Section 4, we have isolated a full length cDNA of a new member of the Otx gene family in Xenopus, which we have named Xotx5b. We have performed a comparison of the deduced aminoacid sequence of Xotx5b ( Fig. 1) with those of other members of the Xotx family, using a CLUSTALW (1.74) program. The most closely related sequence was found with a recently submitted new sequence, which was named Xotx5 (Kuroda et al., 2000) ; comparison to this sequence showed that Xotx5b is 96% identical to Xotx5 in terms of the aminoacid sequence (11 aminoacid changes out of 290), and 95% at the nucleotide level; because of this strict similarity between the two deduced aminoacid sequences, we named our clone Xotx5b. Our analysis shows that homology of Xotx5b is higher with the vertebrate Otx2 group of sequences (74% identity) than to the Otx1 sequences (53% identity). On the other hand, Xotx5b identity to Xotx2 amounts to 74.6%, while that to other Xenopus Otx members rates to 57% (to Xotx1) and 56% (to Xotx4). Thus, with the exception of Xotx5, among the various Xotx genes, Xotx5b is most closely related to Xotx2. However, it must be remarked that while Otx2 genes are substantially conserved between mouse and Xenopus (94%) (Lamb et al., 1993; Pannese et al., 1995) , Xotx5b shares only 75% identity to mouse Otx2. Xotx5b sequence is submitted in the GenBank/EMBL database under the accession number AJ251846.
Xotx5b gene expression during gastrula stages
Transcription of Xotx5b is ®rst detectable by wholemount in situ hybridization at early gastrula stage (stage 10) in the dorsal blastopore lip ( Fig. 2A) . During subsequent gastrula stages, expression of Xotx5b in this region persists and becomes more intense (Fig. 2B,C) . Sagittal sections show that at stage 10.25 the major expression site is within migratory deep zone cells that are fated to give rise to prechordal mesendoderm (Fig. 3A) . At this stage Xotx5b expression is similar to that of Xotx2, whose transcripts are detectable in a stripe of dorsal territory corresponding to prechordal mesendoderm, and in the dorsal bottle cells (Fig. 3C ). The major difference between the two genes is that Xotx5b expression is restricted only to the most dorsal part of the involuted dorsal mesendoderm, closest to the adjacent dorsal ectoderm, while Xotx2 expression seems to extend to deeper mesendodermal layers (compare Fig.  3A with Fig. 3C ). At stage 10.5, Xotx5b expression persists in dorsal mesendoderm and clearly respects the boundary between internal deep zone cells and external cell layers, represented by Brachet's cleft (Fig. 3B, arrows) ; at this stage, Xotx5b gene is also strongly transcribed in the dorsal ectoderm ( Fig. 2C and arrowheads in Fig. 3B ). During late gastrula stages, expression disappears from the dorsal blastopore lip: at stage 11 hybridization signal in this region has already decreased ( Fig. 2D ) and, by stage 11.5, expression is no longer detectable in the dorsal mesoderm (Fig. 2E,  arrowhead) . Conversely, Xotx5b transcription persists and intensi®es in the anterior neuroectoderm, including the whole presumptive anterior neural plate (Figs. 2D±F and 3D); at stage 12 Xotx5b expression is excluded from the anterior prechordal mesendoderm (Fig. 3D, arrowheads) .
Xotx5b gene expression at the end of gastrulation and at neurula stages
At the end of gastrulation (stage 12.5), Xotx5b expression is detectable throughout the anterior neural plate except for a small medial region, probably corresponding to the primordium of the ventral tegmentum of the mesencephalon (Eagleson and Harris, 1989) (Fig. 4A, arrowhead) . During early neurula stages (stages 13 and 14), Xotx5b expression becomes more intense in most part of the anterior neural plate, probably embracing the presumptive telencephalon, but disappears from a central area corresponding to the presumptive retina and optic chiasma territories (Fig. 4B,  arrow) . At stage 14 Xotx5b transcripts are also detectable in a more ventral area, anterior to the neural plate, corresponding to the cement gland anlage, which represents, at this stage, the most anterior ectodermal structure of the embryo (Fig. 4C, arrowheads) , where Xotx5b expression persists until tailbud stages.
During late neurula stages, Xotx5b transcription localizes in speci®c anterior territories of the ectodermal layer ( Fig.  4D-F) . At stage 17 Xotx5b domain of expression includes a broad anterior-ventral region, corresponding to the cement gland anlage, and two dorso-lateral regions in the diencephalic area of the neural plate (Fig. 4D, arrowheads) .
According to the fate map of anterior neural plate territories by Eagleson and Harris (1989) , and given the subsequent expression pattern of Xotx5b gene, these regions may correspond to the epiphysis anlagen. Xotx5b expression in the cement gland anlage persists from stage 18 to stage 20, becoming progressively stronger and sharper (Fig. 4E,F) . Expression in the epiphysis primordia persists throughout the process by which these paired primordia come closer and fuse together in a single median structure ( Fig. 4F) , where Xotx5b transcription continues during all subsequent stages. From stage 17 to stage 19, Xotx5b gene is also expressed in two faintly visible dorso-lateral anterior regions of the embryo (data not shown), probably located outside of the lateral borders of anterior neural plate; these regions may correspond to the presumptive lens ectoderm, in which Xotx2 gene is expressed (Zygar et al., 1998) . At neural tube closure (stage 20), Xotx5b expression is restricted to the cement gland anlage and to the presumptive epiphysis, whose primordia are now anteriorly fused together on the dorso-medial line (Fig. 4F ).
Xotx5b expression after neurula stages
During tailbud stages (stage 22±30), Xotx5b expression undergoes some changes. At stage 22 (not shown) the gene is still transcribed in the cement gland and epiphysis. However, expression in the cement gland becomes weaker and tends to disappear during subsequent developmental stages. Starting from stage 24 a new site of expression appears in the eye region, where Xotx5b transcription is detectable in small clusters of cells of the presumptive neural retina very close to the external epidermal layer, the future lens (data not shown). During subsequent developmental stages, Xotx5b gene continues to be expressed in the epiphysis and in the eye (Fig. 5) . At stage 27 the primary eye vesicle begins its invagination into an optic cup. At this stage (Fig. 5A,B) , Xotx5b gene is expressed in a broad dorsal region of the neural retina, as appreciated in transversal section (Fig. 5B) . At late tailbud stage (stage 30) Xotx5b transcription still occurs in the dorsal part of the neural retina (data not shown).
At tadpole stage (stage 35), Xotx5b expression covers the whole eye region, except for the lens territory, and appears stronger in a peripheral ring of cells (Fig. 5C ). To precisely map Xotx5b expression at this stage, we sectioned stage 35 embryos after whole-mount in situ hybridization and compared Xotx5b expression to that of BMP-4 and Xotch, which are both expressed in the ciliary marginal zone (CMZ), a specialized region responsible for the eye radial growth (Wetts et al., 1989) . While BMP-4 is expressed in the most peripheral part of the CMZ (only on the dorsal side) (Papalopulu and Kintner, 1996 ; Fig. 5F ), Xotch is expressed in a broad domain of the CMZ, except for its most peripheral part (Dorsky et al., 1995; Papalopulu and Kintner, 1996) (Fig. 5E ). Thus BMP-4 and Xotch are expressed in mutually exclusive territories of the CMZ. Xotx5b gene seems to be expressed in the most central (or deepest) region of the CMZ; conversely, the hybridization signal is absent from the most peripheral part of this territory located at the very edge of the eye. The comparison of Xotx5b expression with Xotch expression suggests that these domains may largely overlap (compare Fig. 5D with Fig.  5E ). On the other hand, the most peripheral part of the CMZ, where BMP-4 is expressed, does not show any labeling with Xotx5b probe (compare Fig. 5F with Fig. 5D) . A similar pattern of expression was also observed in whole-mounts at stage 41 (data not shown).
Phenotypes resulting from the microinjection of synthetic Xotx5b RNA
In order to examine Xotx5b function, we performed gain of function experiments by microinjecting Xotx5b synthetic mRNA, into single dorsal or ventral blastomeres of 4-cell embryos, either in the animal or in the marginal region. Different doses of injected RNA were used (250, 450 and 500 pg) and data are resumed in Table 1 . Three classes of phenotypes were scored on the basis of their external morphology (Fig. 6) .
The most frequent phenotype, totaling an average of about 60% in dorsally injected embryos, consists of embryos with reduced size and posterior defects (abnormal formation of trunk and tail). The embryonic axis is bent dorsally and sometimes a spina bi®da is present. This class of phenotypes can be divided into two other groups, depending on the severity of the posterior reduction. Within the ®rst group, embryos lack most of the trunk and tail ( Fig.  6D,H ; strong posterior reduction in Table 1 ), while in the other group the trunk is properly developed but the tail is still missing or severely reduced ( Fig. 6C,G ; weak posterior reduction in Table 1 ). Another effect of Xotx5b overexpression is the presence of one or more additional cement gland structures, often associated with posterior defects. Ectopic cement gland tissue can be present in almost every part of the embryo, also as an enlargement of the original cement gland (Fig.  7A,B) .
A minority of injected specimen showed unspeci®c effects and consisted in a heterogeneous class of embryos showing either minor defects, such as a little microcephaly, or strong general defects, such as a failure in anterior and posterior structure formation. The frequency of these phenotypes was maximal at high doses of Xotx5b mRNA (500 pg), while it was much lower at lower doses ( Table 1) .
One of the ®rst effects noticed in dorsally injected embryos is the failure of the blastopore to close properly (Fig. 6E) , which may result from impairment of dorsal convergent-extension movements, an effect described for overexpression of other Xotx genes . Dorsal injection always produced a high frequency of strong posterior reduction, which was even more marked when transcripts were delivered to the marginal zone. On the whole, animal injection favors ectopic cement gland formation, while marginal injection preferentially leads to reduction of the posterior embryonic structures (Table 1) .
Ventral injection results in a relatively low percentage of posterior reduction compared to dorsal injection, especially when transcripts are delivered to the animal region; yet, when Xotx5b mRNA is injected in the ventral marginal region, weak posterior reductions are observed at a signi®-cant frequency. Again ectopic cement gland were observed in ventral injections, though at a slightly lower frequency than in dorsal injections.
Analysis of the phenotypes resulting from the microinjection of Xotx5b mRNA.
Phenotypes obtained after the microinjection of embryos with Xotx5b RNA were analyzed for the expression pattern of speci®c molecular markers by means of whole-mount in situ hybridization. The presence of putative additional cement gland structures in these embryos, was con®rmed by using an XAG probe, speci®c for cement gland , and moreover revealed the presence of ectopic XAG expressing cells in most of microinjected embryos (Fig. 7A±C) , also where a cement gland structure was not externally recognizable. Therefore the number presented in Table 1 set a lower limit for the frequency of extra cement gland structures caused by Xotx5b injection.
Since Xotx5b is expressed both in the dorsal anterior mesendoderm, known to be involved in neural induction events, and very early also in the anterior neuroectoderm, we analyzed the expression pattern of two neural markers, nrp-1 (Knecht et al., 1995) and Xotx2 (Pannese et al., 1995) , in microinjected embryos, in order to understand if Xotx5b was able to trigger the ectopic expression of these genes. Ectopic patches of expression of both genes were observed ( Fig. 7D±I ), suggesting that Xotx5boverexpression was able to induce, either directly or indirectly, formation of ectopic neural tissue of an anterior character.
Xotx5b and Xotx2 activity in animal cap assays
To test whether the ectopic cement gland and anterior neural tissues were induced directly within the ectoderm by Xotx5b, and to investigate on the possible reciprocal activation between Xotx5b and Xotx2, we injected 1 ng of mRNA of either gene into the animal pole region of 1-cell stage embryos, dissected animal caps at stage 8±9, and grew them up to stage 14 or to stage 21±22, when they were processed for in situ hybridization with probes for the cement gland marker XAG, the pan-neural marker Sox-2 (Misuzeki et al., 1998) , and the epidermal marker XK81 (Jonas et al., 1985) . Moreover, we also assayed whether Xotx5b was able to trigger Xotx2 expression in injected caps, and vice versa. Both Xotx2 and Xotx5b are able to activate XAG expression at stage 21±22, when XAG is strongly expressed in the cement gland (Fig. 8Q±T ). In addition, while the neural marker Sox-2 is only weakly activated, if at all, by either of the two genes (Fig. 8E±H,M±P) , it is notable that both Xotx genes are able to strongly suppress expression of the epidermal marker XK81 at both stage 14 and 21±22 (Fig.  8A±D,I±L) . Finally, in stage 14 animal caps, almost no reciprocal activation was observed between Xotx2 and Xotx5b (Fig. 9A,B,F,G) ; however, if caps are grown up to stage 21±22, Xotx2 is able to activate Xotx5b, while Xotx5b also activates Xotx2, though at a lower level (Fig. 9C,D,H,I ).
Xotx5b can respecify the posterior organizer into a head organizer
Previous work has showed that Xotx2 overexpression in the marginal zone is able to change the inducing abilities of the posterior trunk/tail organizer to those of a head organizer . Given the similarity of early expression pattern of Xotx2 and Xotx5b, as well as their overexpression effect in whole embryos, we asked whether Xotx5b was also able to turn a posterior organizer into a head organizer. We therefore injected 500 pg of Xotx5b into the marginal zone of the two dorsal blastomeres of 4- .25 host embryos as described in Andreazzoli et al. (1997) ; as a control, the dorsal blastopore lip from stage 12.5 uninjected embryos was transplanted in recipient embryos. While secondary tails or trunk-like structures were induced in control host embryos by stage 12.5 dorsal blastopore lip of uninjected embryos (eight tails and nine trunk-like inductions; out of 17 embryos), anterior head structures were instead induced by stage 12.5 dorsal blastopore lips explanted from Xotx5b injected embryos (18 head inductions, versus three tail, one trunk-like, and seven absence-of-induction; out of 29 embryos), therefore demonstrating that Xotx5b can change the inductive properties of the posterior organizer into those of a head organizer (Fig. 10) .
Discussion
We here describe the cloning and developmental expression of Xotx5b, a new member of the Otx gene family in Xenopus laevis, together with functional overexpression experiments aimed at de®ning its function during early embryogenesis. The most closely related sequence to Xotx5b found in the database is a recently isolated Xotx clone named Xotx5 (Kuroda et al., 2000) ; the observation that 11 aminoacid substitutions are observed in Xotx5b, and the close similarity of their spatial expression pattern, suggest that these may be two recently diverged copies of the same gene within the pseudotetraploid genome of Xenopus laevis. Apart from Xotx5, Xotx5b is closer to Xotx2 than to any other Otx gene in Xenopus. Xotx5b also shares some homology at the aminoacid level (54% identity) with mouse Crx, a gene also expressed in the eye and important for photoreceptor layer development (Furukawa et al., 1997) .
The early pattern of expression of Xotx5b, during gastrula stages, appears closely similar to that of Xotx2 (Blitz and Cho, 1995; Pannese et al., 1995) . Similar to Xotx2, the ®rst site of appearance of Xotx5b transcripts is the organizer region. However, during the course of gastrulation, Xotx2 expression is still detectable in deep anterior mesendodermal cells once they have involuted around the blastopore lip and have started to migrate anteriorly to reach their ®nal prechordal position, where they continue to express Xotx2 at least until late neurula stage (Pannese et al., 1995; Kablar et al., 1996) . On the other hand, Xotx5b expression persists in cells involuting around the dorsal blastopore lip until stage 11; moreover its expression is also detected in a thin layer of involuted mesendodermal cells, closest to Brachet's cleft. Furthermore, at around stage 12, no Xotx5b transcription can be detected in the anterior prechordal mesendoderm, differently from Xotx2. These differences in early transcription pattern of Xotx5b and Xotx2, may suggest that they may perform different functions within the organizer region; we may speculate that while Xotx5b could play a role in determining the adhesive properties of migratory cells which come into contact with the blastocoel inner wall, Xotx2 may be more important for speci®cation of an anterior fate and of inductive properties within prechordal mesendodermal cells. In this sense it may be of signi®cance that Xotx5b mesendodermal expression is downregulated as soon as gastrulation has almost come to an end at stage 12, while Xotx2 is maintained in the prechordal mesendoderm throughout neurula stages, when early patterning is further re®ned and proper rostral brain morphogenesis takes place. Whatever the function of Xotx5b at these stages, the early extinction of expression from the mesoderm makes this a useful marker for early anterior neuroectoderm.
Starting from stage 10.5, Xotx5b expression also begins in the prospective anterior neuroectoderm, similarly to Xotx2. Neural expression of Xotx5b is very similar to that of Xotx2 until mid-neurula stage. Xotx5b transcripts are in fact initially detected in a wide area of the anterior neural plate, which successively becomes devoid of Xotx5b expression at around stage 13, possibly in coincidence with the de®nition of a central eye ®eld within the anterior neural plate and analogously to what observed for Xotx2 (Andreazzoli et al., 1999) . Later expression of Xotx5b is remarkably linked to development of photoreceptor-containing structures, such as the pineal gland and the eye vesicle. As concerns the pineal gland, Xotx5b may be one of the ®rst molecular markers expressed in this structure, since it is already detectable in the paired domains that will fuse together into the epiphysis; other genes expressed in this structure, like Xrx1 (Casarosa et al., 1997) , only become detectable after neural tube closure. Xotx5b pattern of expression within the eye vesicle, may underlie important functions in eye development, since the gene is transcribed in this district in a highly dynamic fashion. Initially Xotx5b expression within the eye appears at tailbud stage, starting from few cells of the dorsal eye vesicle, strictly adjacent to the presumptive lens ectoderm (data not shown), and extending ventrally during subsequent stages throughout the whole thickness of the neural retina (see Section 2). At later stages, when differentiation occurs, Xotx5b expression within the retina is down regulated, and only persists in the ciliary marginal zone. Here, Xotx5b is expressed outside the BMP-4 expressing region of stem cells, but within the Xotch expressing region, where cells are addressed to their ®nal differentiation pathway. Therefore, Xotx5b may play a role in the ®nal commitment of cells within the retina, both during early growth of the retina, and during later phases when retinal growth results from the CMZ activity.
Overexpression of Xotx5b results in typically tail-reduced or truncated embryos, in a similar way as for Xotx2 overexpression (Blitz and Cho, 1995; Pannese et al., 1995; Andreazzoli et al., 1997) . This effect may result from the anteriorization of part of the dorsal mesoderm because of Xotx5b injection; this is also strongly suggested by the transformation of trunk/tail organizer into head organizer by Xotx5b, as assessed in einstecks implantation experiments (present work), similarly to what previously shown for Xotx2 . Injection of Xotx5b mRNA into early embryos also produces development of accessory cement glands and anterior neural tissue, as shown by molecular marker analysis of injected embryos with XAG, Xotx2, and nrp-1 probes. Production of additional cement glands may be the result of a direct action of Xotx5b within the ectoderm, as suggested by its expression in the cement gland anlage and by its ability (as well as that of Xotx2) to induce XAG expression in animal caps. On the other hand, induction of ectopic neural tissue in Xotx5b injected embryos may not re¯ect a direct effect within the ectoderm, since in animal cap experiments Xotx5b is weakly able, if at all, to trigger expression of neural genes, such as Sox-2 (Misuzeki et al., 1998) or nrp-1 (Knecht et al., 1995) (see Section 2; and data not shown). However, suppression of XK81 by Xotx5b (and also by Xotx2) may indicate that, though possibly not suf®cient to directly neuralize naive ectoderm (but see also Gammill and Sive, 2000) , Xotx genes may play a role in neural induction by somehow sensitizing the anterior dorsal ectoderm towards a neural fate, possibly by suppressing the epidermal fate. The observed reciprocal activation of Xotx2 and Xotx5b in animal caps, may therefore happen in the absence of neural tissue, or in conditions of weak neural induction, and may correspond to cement gland activation of these genes. Therefore, the ectopic anterior neural tissue observed in whole injected embryos could result: (1) from an inductive event in which competent ectoderm may have received signals from posterior organizer tissue reprogrammed to an anterior, prechordal, fate; (2) from ectoderm that was sensitized by the injection of Xotx5b mRNA and that has received neural inducing signals from underlying tissues. Our data on einsteck transplantation and on Xotx injected animal caps are consistent with both these mechanisms, which may occur together in Xotx5b injected embryos. Posterior extension of Xotx2 domain of expression in unilaterally injected embryos may similarly have resulted from ectoderm induced by anteriorly reprogrammed organizer tissue, though a direct Xotx5b activity in respecifying hindbrain neural tissue to an anterior fate may not be excluded.
On the whole, the early expression pattern and the functional data here presented suggest that Xotx5b and Xotx2 may perform cooperative roles during early embryogenesis. On the other hand, the late expression pattern of Xotx5b is very different from that of Xotx2. While the ®rst is only expressed in visual organs (pineal gland and eye), the second is widely transcribed in the forebrain and midbrain regions, including the eye. Several observations have suggested that different developmental roles may have been acquired by otd/otx genes during evolution because of different regulation at the transcriptional level (Acampora et al., 1999a) , rather than because of diverse regulative abilities of these proteins, which appear to be largely shared among otd/otx members (Acampora et al., 1998a,b; Leuzinger et al., 1998; Nagao et al., 1998) . Xotx5b may also have acquired, for similar changes in its transcriptional regulation, a speci®c function in eye and pineal gland development, while maintaining, at the protein level, biochemical properties similar to other Otx gene products. These properties may account for the similar phenotypic effects observed in overexpressing various Xenopus Otx genes (Pannese et al., 1995; Andreazzoli et al., 1997; present work) .
Experimental procedures
Xotx5b and Xotx2 constructs
Xotx5b was isolated by screening of a stage 28±30 lgt10 head library with a mouse Otx2 probe as described in Lamb et al. (1993) . A full length cDNA was cloned into the EcoRI/ NotI site of pBS (SK 2 ) vector. The resulting plasmid, pOTX33.2, contains a 1.6 kb NotI/EcoRI fragment, spanning the whole Xotx5b coding region plus 292 bp of 5 H UTR and 412 bp of 3 H UTR, and was used for in situ hybridizations. Antisense probes were obtained by linearizing the template plasmid with NotI, and transcribing with T7 RNA polymerase. The Xotx5b coding region plus 13 bp of 5 H UTR and 25 bp of 3 H UTR were PCR-ampli®ed and cloned into the StuI site of pCS2 (Rupp et al., 1994) , to give plasmid pCS2Xotx5b used for overexpression. Xotx2 microinjection vector was derived by subcloning the BglII/ SpeI fragment of T7TSXotx2 (Pannese et al. 1995) into BamHI/XbaI site of pCS2. All constructs were veri®ed by sequencing.
Xenopus embryos and in situ hybridizations
Embryos were obtained as previously described (Newport and Kirschner, 1982) and staged according to Nieuwkoop and Faber (1967) . Embryos were ®xed in MEMFA and processed for whole-mount in situ hybridization as previously described (Harland, 1991) . Proteinase K treatment was omitted for hybridization of animal caps. Pigmented embryos and caps were bleached after the color reaction as described in Mayor et al. (1995) . The following probes for in situ hybridization are described in the literature: nrp-1 (Knecht et al., 1995) ; XAG ; BMP-4 (Fainsod et al., 1994) ; Xotch (Dorsky et al., 1995) ; Xotx2 (Pannese et al., 1995) ; XK81 (Jonas et al., 1985) ; Sox2 (Misuzeki et al., 1998) .
RNA methods and microinjections
Capped RNAs were in vitro synthesized as described (Krieg and Melton, 1984) . Xotx5b and Xotx2 mRNAs were transcribed by SP6 RNA polymerase from NotI linearized pCS2Xotx5b or pCS2Xotx2 templates. Embryos were injected with 250±500 pg mRNA/blastomere at the 2-, and 4-cell stage in 0.1£ MMR, 4% Ficoll, grown overnight and then transferred into 0.1£ MMR for subsequent culturing. Uninjected control embryos were similarly cultured.
Animal cap assays and einsteck transplantation assays
For animal cap assays, 1 ng of Xotx5b or Xotx2 mRNA was injected in the animal pole region of 1-cell stage embryos. Animal caps were dissected out of stage 8±9 embryos (either uninjected or control embryos) in 1£ MBS; after healing, caps were cultured in 0.5£ MBS until tailbud stage, alongside with sibling embryos.
Einstecks transplantation assays were essentially performed as described in Andreazzoli et al. (1997) . Experimental embryos were injected with 500 pg of Xotx5b mRNA and grown, along with sibling controls, up to stage 12.5, at which dorsal blastopore lip regions of either injected or control embryos were dissected in 1£ MBS and transplanted into the blastocoel of host stage 10 1 ±10.25 embryos. After healing, embryos were moved to 0.1£ MMR, and grown up to stage 37/38.
In both animal cap and einsteck transplantation experiments, gentamicin was added to a ®nal concentration of 50 mg/ml.
